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Thia ia a collection of data on the construction operation and 
performance of the two image dissector cameras. Some of this 
data is useful in deciding whether certain shortcomings are 
significant for a given application and if so how to compensate 

for them. 



INTRODUCTION: 

The follwoing is a collection of bits and pieces of 
information about the two linage dissector cameras attached 
to the computers (PDP-t> and Pi>P-lO) of the Artificial 
Intelligence Group at Project iukC* taust of this data 
concerns the ''new 1 'eye 1 and the video-processor which 
can be used bo access both 'eyes'* 

The new vidissector contains a F^QIO tube manufactured 
by ITT industrial Laboratories (ITTIL)* This tuoe has 
a diameter of 4*5" (118 nun), a length of 14-5" (ibb mai) t 
a S-ll (Cs-Sb) photocatiiude with a 5" (7& nun) useable 
diameter* The circular aperture has a diameter of *0C2" 
(•05 mm) and the electron-multiplier consists of l j, v 
dynodee. The claimed resolution is 10 cycles (line-pairs) 
per mm at 50 % amplitude response, end 1? cycles/mm 
at 10 % amplitude response* The faca-plate has a thickness 
of *L#" (5*2 mm)* 

The old vidissector contains a 04-011 tube manufactured 
by IITIL* It has a diameter of 1*5* (.58 nun), a length 
of 8.2 11 (205 mm), a S-ll photocathode with a 1*1" (28 mm) 
useable diameter* The circular aperture has a diameter 
of *001" (.025 toEi) an<& the electron-multiplier consists 
of 10 dynodes* The claimed resolution is 20 cycles/ram 
at I'O ft amplitude response, and 3^ cycle s/moa at 10 % 
amplitude response. The fac£-pLate has a thickness of 
.080" (2,0 dm). 

For further information on linage dissectors sea: 

"gflfiClAL PURE^GSiii VACUUM TUBjCB" ITTIL 
"APPLICATIONS tfG?:i iite, IWiqiUI PHOPiiHTJiiS OP 

IIIAGS DISSECTORS" ITTIL 
,r Tl£KTAl'IVE DATA - VIBIfttUbCTOfiS - iJwAttifi 
• r J>ISSJiCTOB TXP4 FfcOlO (or FM-Oll)" ITTIL 
"JuiSjiiAfiCH W2M0S 309, 55o, 557, 553, 58b ITTIL 



The video-processor was supplied by Information Inter- 
national Inc. and is described in: 

"OPERATION W£H UAL - IMA<i£ DISSECTOR CAiiiSRA SYSTEM" 
III 

Further information about the use of our video 
processor can oe found in an appendix to: 

"ffOCU&IIiG* AI Memo 160 



EHE JilYS: PR INC I PL&£ OF OPififiATIOM: 

Tlie main component of the eye is tne image dsector 
camera (vidij-sector for short)- It Is en evacuated 
"tub's coated on one and with a substance that converts 
a certain fraction of incoming photons into electrons . 
By means of a large applied potential and an axial 
magnetic field most of these electrons are imaged onto 
an aperture plate (see fig 1 ). i'he electrons travelling 
througn the aperture all come from a small art! a on 
the photocathode of approximately the same si.^e as the 
aperture- 'l'hefie electrons now enter m electron multiplier 
//here secondary amission produces a Large number of 
aew electrons lc this stream of electrons impinges 
succeaivri_y on each uf In- suitat-iy coated dynodes. 
I'he current in the ojn&&& is converted to a voltage 
which is directly proportional to the illumination 
falling on the small area un the photocathode selected. 

With only the axial focusing field this small area 
is in the centre of the photocathode* T*o perpendicular 
radial fields allow one to move the electron image 
around on the aperture plate thus selecting different 
areas of the image* Attached to this device is the 
video-processor *hich includes the interface *.ith 
the computer. 

The complexity of Ctie video-processor is in larw;© 
part due to two design objectives* 

1* Relative error in an intensity measuipnent 
Bhuuid be inaependent of the intensity. 

2. The video- processor snoul-l not *aste time 
processing v&r$ dark points* 



The main source of error in an intensity measurement 
is caused by quaatisation - in effect we are counting 
•electrons ( The only reason lor not actually counting 
them is that they may anive at a rate of up to 2 
per sec)* To obtain a relative trior independent of 
intensity we :aust 'count r the same number of electrons 
for each measurement* This then implies that dark points 
will require an inordinate amount of time for measurement- 
i mechanism must be provided for ignoring points darker 
than a given level at an early stage* The programmer 
has two parameters available to control these two 
features i 

1* Signal to noise ratio* a parameter which 
may be 0, 1, 2 or j indicating a relative 
error of 1/8, 1/16, 1/5*-' and 1/64 
respectivfiy (nominal)* fciee Tab 1 Tor 
effective number of photo— electrons 
counted at each setting* 

2* Dim cut off level: a parameter which may 

be t l»2 .** 7 indicating a cut off 
at 2^,2"^, 2"*, **. 2 off the maximum 
permissible intensity (nominal)* See Tab i 
for further details. 

A bi-jhiy edema tic diagram of some parts of the video 
processor (Fig i ) will il*. uatrale the operation in 
more detail* The variable pulse irequancy generator 
at the bottom of tKtf diagram is used to alio* 
zneasurements of intensities differing by more than 
the normal fc»4 to 1 dynamic range of the video-processor 
and also allows a reference signal to eliminate tae 
effects of light-source intensity variations* The number* 
read oy the computer is in ai'iect the x*atio of the 
intensity measured on tae photo-cathode and some 
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reference signal *hich may oe selected to be the total 
photocathode current. In this case a change in the 
illumination will case an equal change in the two 
factors used in the ratio and the output of the 
video-processor will be independent of such changes 
(unless they are too large)* 

The variable pulse frequency ^eftrator operates by 
Selecting as many pulses as .deeded from a 5 ICc/s 
pulse source. The Average frequency can be read on 
a meter which is !? Wc/a full scale* These pulses 
are fed into a 14 bit counter when measurements are 
being taken. 

At the same time the output of the electroo-auitiplier 
is fed into an integrator whose output is attached to 
Tour comparators. The a* compurab'jrs fire when the 
integrator output reaches a voltage corresponding to 
2 f t 2% 2 t^ paotoe lections through the aperture 
place (nominally)* These four comparators are used 
for the fuur different Signal to noise ratios*, while 
the 2 f 2 , ♦•* e oits in the time-pulse counter 
are uaed in tiie dim- cut -off decisions* 

k ig 2. illustrates this in more detail* Aiute that both 
scales are log, * i'race k ©hows tuu voltage at the 
output of the integrator veiaus che count in bha time 
pulse counter for a very bright point* lima 11 crosses 
inuicate the times at which the comparators et the 
output of the integrator lire* Small boxes indicate 
the times when the flip-flops attachea to the various 
bits in the tin© pulse counter fire* Suppose we had 
selected a signal-to -noise ratio d ana a aim-cut- of r 
level 5» At point X (*hen the appropriate bit c^mes 
on in the time pulse counter) a test is made Esther 
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the voltage in the integrator exeeds the l/t>4 V level* 
In our case it does and the point is nut diiL-cut-of f * 
If we nati used dim cut off level 7 the test would have 
been made at point L ana the processing stopped t the 
integrator and the counter reset and a dim* cut- off 
value returned to the J3>F-6 a In uur case integration 
would have proceeded up to point Y where tne voltage 
level corresponding to our selected signal to noi&e 
ratio was reached, 'line significant value now is the 
count in the time pulse counter . tiote however that 
to obtain the same output for diiferent cauices of 
signal to noise ratios we need to divide 

by 4 for every increase in signal tw noise ratio of 1. 
So we divide by lb* (if we nad used a signal bo noise 
ratio of 1, integration tfould have stopped at * and we 
would divide by h\ 

To produce the floating point nuraber required ftm? 
transmission to the PLP-o the 1^ bit binary number is 
moved from the counter to e shift register when the 
selected comparator has fired. It is then sbifLeu 
left until a one appears in the most significant 
place (ie» it is normalised), the number of shifts 
is subtracted froai the initial exponent* The initial 
exponent is preset by the Sfclction of signal- to- noise 
ratio to simulate the division by pgwers of 4 described 
above* In this way a four uit exponent (.0 to I7&) and 
a six bit mantissa ( 00 to 77-, ) is retained. Presently 
exponents larger tuan 13 cannot occur. tfhen the lin/iog 
switch on the video-processor it? in the lin position 
the right hand half word contains just this floating 
binary number - written together it ranges from to I^OOq* 



To facilitate using tnis number in the PL»P-t> it is 
reproduced in standard format (ie* preceded by a 2 
and with the leading bit in the foatttisss) in the 
left half. 
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I 1 his floating point number can to us range from 
0-5 to 1024.0 (0-1500 in one right half). 

For man; purposes it is more meaningful to *ork 
with the Logarithm of the incident intensity* fthen 
the lin/log switch is in the log position the 
last six bits are modified such that the right half 
is a 10 bit value of 100^* 1^8 jl tsinee the seme 
flip-flops are used to supply the left half word bits^ 
these too are modified and the left half is now 
meaningless - actually only fcMe last J bits are effected 
so for some purposes it could still ue considered 
a useful value). The method used to ghanga the value 
to log base d is to leave the exponent unchanged 
and to feed the mantissa into a table- look up network 
which finds a thr*e bit correction to be added. This 
correction is always less than or equal to 5* The 
relation between the value obtained this aay, J } and 
the value obtained in the left-half with the switch 
in tiie lin positioners: 

^ /off $ " i. 

I- 2 

Thus ?00g corresponds to 64 *G . 



7/hen processing is stcfyM because of a dirn cut off> the JXF 
(2 bit in the left hair woro) is set and tfcva value returned 
to the computer ie that produced frosi the preloaded 
exponent (ie* it varies with sx&nal to noise ratio 
and not with dim-cut-off level), i'he value at which 
the vidi-secfeor will just dim-cut-off an intensity 
on the otherpand varies in just trie opposite *ay and 
the aystem A doe» in fact substitute the appropriate 
number dependend on the selected dim— cut-off * further- 
more it is possible to obtain occasionally a value 
past this point because of the statistical nature of 
the signal - ie# at the time the dim-cut-off decision 
*as made it appeared that the point was brignt enough 
(remember that it has only keen aeasured with s signal 
to noise ratio at this stage) ana was on more accurate 
nieasurament (ie* this cannot happen «&en one is using 
signal to noise ratio 0) found to be darker* Such a 
value is also replaced b# tae ejetflfi^fcith the exact 
value where dim-cut-off should have occured. iie* 
Jig 3 for a summery of some of these facts. 

'we have DOW arrived at a stage ahere we can consider 
some of the more intricate interactions* Firstly note 
that it is possible for the time pulse counter to 
overflow* This will happen Ahen -*e are using a very 
low dim-cut-off setting (0 tor example), a high signal- 
to-noise ratio ( i for example) and are measuring a 
point dark enough to be near dim-cut-off (a value near 
1j5QOq. From Fig3 it caia ^a seen taat it is for this 
reason that CFI**3 a ^d BC]>0 has much the same effect as 
CF3>5 and DCL=1. This implies that very dark points 
cannot be measured with the best aigrjai-tu-nolee ratio* 
An overflow will cause both the 2 and the 1 bit in the 
left half word co be on (actually the system obtains 



these bits in another I/O Instruction and patches 

them in). Proceeding with the case GFL=3 and DCI#=0 

we find that values between 1200 and 1300 (approx.)f© F <*j 1) 

*ill cause both the dica-cut-off and the overflow bits 

to be oil, while points even darker than 1^00 will be 

caught by the dim-cut-off mechanism and have only the 

dim-cut-off bit on* So one can measure to some extend 

in this range normally inacc^jBiole to the user of GFL-3 I 



The other condition under which overflow is iifctely 
to happen is for Ci'L»2 and XrGL-0 where as described 
above it is possible fur a intensify just oeiow the 
dim-cut-off level to avoid being caught by it no* and 
then because of the noise in this signal yet on 
more accurate measurement cause the counter to overflow* 
For most purposes an overflow onould ie treated just 
li&e a dim-cut-off* 

The other extreme condition is tov sitialt ecount in 
the counter, This implies that we nave not measured 
the time accurately atiou&h (and since it is one of the 
factors in the ratiOjit will contribute to the noise}. 
This can only happen when the pulse generator has a 
very low frequency ana a* are looking at a very oright 
point ( one almost bright enough to cause an AfiODiS 
WARN condition). Also it is extreraeiy unliKdy e^pt 
for the CFL-G ana CJj'jL-1 cases. To deal with tais problem 
the count is tested against 8 for OFL-G ana IS for 
CFL=1 and if less , the integration is not stopped , the 
measurement being taken at a higher signal to noise 
ratio (actually the tests are also applied in the 
GFL*2 and 3 cases f but they saould id **[-te* pay off there; 
if an attempt is made to increment the OFL past 3 an 
overflow will result)* 
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It is well known that photocetftodes suffer temporary 

1 fatigue* wheni large current densities flow on theu^ 

ie# with the high voltage applied and high inciaent 

light. At a somewhat higher current uensity the 

damage is permanent* damage is probably also possible 

when no voltages are applied and a higher 

intensity is applied bo the photocathode CO* The 

effect is thought to oe thermal and occurs between 1 

and 10/aA/ cm . For our vidij&ectoJS the maximum safest 

current is considered to he*2MH/ca(i ( about QQ/*A for 

the w&ole photocathode when evenly illuminated)* A 

further source of problems exciets in the electronmultipl. 

where too high a gain m&j damage the last few dynodes, 

when many electrons travel through the aperture. To 

protest against both of these misadventures the output 

of the electronmultiplier (ie« the signal fed into 

the integrator) is monitored and the high voltage supply 

is tripped out (AROSE v.'AHH light comes on) when a current 

flows ahich nominally corresponds to 2^A/cm - Naturally 

this will only protect 6h.e wtole photocathode if one scans 

all points on it *( Hresently there excist some mis adjustments 

in the system indicating that either the ANODE WASH 

circuit trips out too early or the gain of the chain 

photorouitiplier - integrator is too low* This may indicate 

that the effective number of electrons counted at 

a given signal-to-nuise ratio is wrong, thus effecting 

the measured signal to noise ratio somewhat (the alscxepency 

is not lar^e here)}. 



filSTGSTIOMS 

The X and Y deflection values ( 0-40000 8 ) supplied 
by the PDF— 6 are fed into two 14 bit IiAC converts^ 
which drive voltage to current convertore. These in 
turn drive a current which may be several amperes 
through the horizontal and vertical deflection coils . 
This current is measured by st&ali series realtors 
and fed back to allow an accurate relation between 
the voltage and the current* Because of coupling between, 
the coils and a magnetic shield surrounding them 
their response is rattier alow. 



Presently the settling 
time of the coils is considered to be less than ?0«secs 
and this time is allowed to elapse before the integrator 
and the time pulse counter are started. 

The static focus c©il carries an ajustable current 

tnd allows the formation of a 
sharp iaiage on the aperture plate. Because of what 
one might call curvature of fie Id, accurate fdcus does 
not obtain when X and Y deflection currents are applied. 
Reasonably accurate focus can t>e restored is a small (— *<-) 
additional focus current proportional to X + i is 
applied. This is termed dynamic focusing, 1'he interaction 
of all of these field and geometric inaccuracies produces 
distortions in the iioa^e which are considerably larger 
than those found in a typical optical imaging system* 

Firstly on* would expect some radial distortion 
proportional to X f 1 T fpin-cushion ox- iram distortion). 
.Further a twist increasing with X h Y (with no 



optical system equivalent) will oe found. Some errors 
will depend on X and Y only. 

A program nas Dean written to measui'e the position 
in add re es -space of a 10* by 10- grid of points 
projected on the photocathode. 'Phe above errors 
are present and account for perhaps half of the 
distortion - the rest is highly unsvmmatrical and 
cannot be so easily explained and paramcterised. 
For this reason a 10. by 10. matrix of X and Y 
values in address space of these points is stored 
on J>SK;. and can be used in interpolation. See Fig ¥ 
for a graphic demons tret ion of these distortions. 
Also Fig Sis a program uaing tuese tables. 

The photocathode has a non-uniform sensitivity,, 
aside from very local pKeaomena such as Heeler's 
craters (about 25 areas of auout 0*^ mm diameter 
with less than naif tHa normal sensitivity). Aside 
from very small variations over tne order of a few 
mm* s this non-uni fortuity varies smmothly and can 
thus easily oe incorporated in tne aoove 10. by 10. 
interpolation subroutiae* Say i-ig. 7 for a 
contour map of the sensitivity of the photocathode 
alone (measured by closing the iris lo 20 mm 
dia&aber, removing the lens, placing a place of 
tracing paper in front of the iris and producing a 
more or lass uniform illumination of tuis tracing 
paper by placing a large white sheet in front of the 
fi]fJO . fihis map correlates well witn measurement & 
made in othar ways with the lens on and the iris closed 
down. With the iris fully open, a lar^e number of 
overlapping constrictions cause serious vignetting 
and a rapid drop o£ in system sensitivity towards 
the edge of the field of view (see FigS) 
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Fig F cunt a ins the interpolation formula round 

wtien fitting a function a, p t^xt ^ t <j +4 4i >l^ 

to the values at the four corners of a lit u la 

elemental square in the grid* The photocathode 

space is measured in am's from the approximate centre 

of the photocathode* Y is measured down to allow 

a right handed system with Z pointing towards the 

scene from the JSY±fi- U'he orientation as shown is 

that which *ould appear on the monitor (hence 

inverted in both A and Y as far as the back o-f the 

iphotosathode is concerned). Convolutions with 

larger support {rather then the 4 points chosen here) 

could be used, but little extra accuracy can oe expected. 

Also available is a least squares linear approximation 
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I 

SF 
iF 
;F 

LAMd! 

f 

II 



Si £1>GF L S* 

BiL,L=l,0 

M K7*DPfiET 

SMPA 

J ChPCRil 

ift£r cooriDiMAres iwe gqo4j old my 

X$UM«XX*5CL**YY»SCLXY+CNIX 

JUhPSE iU*NJJjiFc 

Sii XSUM #700 FAR l&FT 

J MJDIFd 

CAttG rtl. t!63tiJ.O i 

J MUiJlFA 

30 £D*FlS SMAftrf TF*T WE fc£NT OVE« EUQZ 



YSUM*XX-fcCLYX + YYirSCLY+ChrY 

JUMPSE *1jNEuIFC 

Si YSUtt STO-D FAR DOriN 

J N£i31F3 

CANS FU,| lb36J.01 

J NEUIFA 

YSUM-lQjD3 fr Q 

SO EDtFcS iHA^K TH*T HG rt£«T OVER EDGE 

SKJPN E0GFL3 

J LAHd 

HECALCULAfE X*#YY IN CASE OF EDSE PROBLEMS 
DEL'I=5ClX*&SLY-SClXY*3CI.YX 

XA=i <XSJrt-CvJTX>»SCLYHYpuh-C«TY**SCLXY>/I)ELT 
Y Y»-l (X5U(l-;«TX)*SCLY)t-{rsUW»CMTY)*sCLX)/DELT 
SKi*A 
A (P) 

FlX AND POT IN LtFT HALF ffQRU 
XSL>h-FiX<XSjM>*lC0LiOQ0 
YSuh"FlX<YSjh*wlOOOO0 
R 



L'fJEft^ 



> 



"WLA*JJF«ftMiWinJ 






CAUCQXI 



CALCDYj 

if 



BrthX*»-fLOAT<JNl*»l- !X<l?Jf P «HXX J -XnT ) /iJ£L*» + iZip 
K 



.Di1NV r "»pU0AT<JNJ*»l t !X<JZ*P*"f YT '-Y^T t/DELV^ + JZ JP 
ft 



CHPCRDi 



IF 



iHQNiQKl 



ir 

NPNAAA* 



WPN10KS 



|CO**PllTE 1^TEKP3LATSD COORDINATE 
JCALCI'LaiE J3MNY#J/lP 
itilfl W£ MIT eOCS ON LEFT 



Si £OGFlS 
tt CALCOX 

^ calgoy 

XA^XNT 
J NPNAAA 



h ftlmQHi 

CAMS£ Sl#NN* 

J NPMO* 

XX*XNT+3*0*D&LX-.Q1 

SO £])tiFt.e ;ma^K EEteE PftObwEriS 

U CALCOX ;rt£CALClJwAl£ SQHE 



JUID WE nil EDGE ON THE R1CHT 



SKJPL «i*J2li* 
J hONJOK 
YTMNT 
J NONAAA 



JDID WE hit TOP £l<&£ 



'•.:■■■..:.-. t 



IF 

NQNAAAt 



NPNJOK* 



S 

JF 
#F 
if 
l 



IF 
5F 

NObADJi 



COMSEFs 



JUlfl miC nil BOTTOM E&GE 



A HI 

CAUSE rfUNNy 

J NPNJQ* 

Yr»YNT+9.0*Dt;wY-#01 

&U ED»FlS tHAftK EStf£ P^OBuEMS 

y CALCQf jrffcCACUL*H SGM£ 



SUtiS K 
M k**R 

CQP1*- 

C0r3'« 
C0F2*- 

XSUM'» 

Y£UM*« 

+COFJ* 

&KJpN 

J *DbA 

b5vL'» 

+COFJ* 

hGVSS 

MOVSS 

SMPN 

A IP) 



5.pNNX # U^J#a\i 

5 JGtNEPATt POlKiTEfitS IfcTO ARRAYS 

tfEfsEKATE CtiEFFJCAE^TS 
l*0-D^N3C-DMNY+COF4'"UriNX*OM»lf 
l)1NX-3Dr 4 
iMHr*5GF4 

INTERPOLATE 
FiX<C3f'i*XCUKD<Kti)+COF2*X3DRU<Ri) $ 
XCOKtfCHS+1 J+CQf Ap)!wD»*C<Ra + 1 >> 
FiX<C3Fi*YCuttO<R3)*COF2*YCOfrU<rM» * 
YCCIrtL([Ri+l J+CGF4»VLDHCD<R* + 1 >> 
iJAflJ 
i3J 

CJFl*3SCi*Ut*U>+COFrf*tfSC«JJi»*t $ 
aSCtfD {fia+l )+COF4#paC«fl(rf4*l| 
XiuH ;PUT IN wLFT HAlF 

YSUrt JPUT IN u£FT HAi.P 

EOCFuS 
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Principal 
PlaneB 



20 



FOCAL LiiKGTH: 2^ nun 
MAXIMUM F STOP: 5.1 



Fi* 10 



6.5 " LENS j 




FOCAL LtfHGTH: 164 mm 
MAXIMUM F STOP: 3.3 



F^ 11 



30 nun Hasselblad 



fl PI 



S-F 




e 



-to 



TS tori* 



Lens 
Mount 



it -**— »£-*£ 20 



»B 



3* Tuin 



F,^ 1-L 



FOCAL LENGTH: 80 mm 
MAXIMUM P STOP; 2.8 



Bote; Open Iris in Ltrns mount to avoid vignetting. 
A slide adaptor is available for this lens. 
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LIST QF BEELER'S CRATERS ON NEW TIDIS SECTOR PKPTOCATHODE 





X 


Y 


Size i 


[mm) 




1 


6370 


13420 


.33 






2 


8700 


12830 


.25 






3 


5000 


12280 


.25 






4 


11080 


12200 


.25 


by 


.40 


5 


10460 


11900 


.25 


by 


.33 


u 


12270 


11700 


.28 






7 


10570 


11520 


.17 






8 


1 ooso 


11110 


,18 






9 


8770 


9850 


♦ 35 






10 


6700 


9280 


,12 


by 


,33 


11 


11720 


3940 


,12 






12 


5620 


8300 


.17 






13 


13580 


7980 


.50 






14 


5280 


7730 


.12 


by 


,40 


15 


6560 


7350 


.08 


by 


,20 


16 


15 900 


6870 


.33 






17 


12460 


6570 


.33 






18 


9060 


6460 


,25 






19 


9030 


5760 


.08 


by 


,25 


20 


4040 


5680 


.16 


by 


.40 


21 


5620 


4920 


.16 


by 


.40 


22 


4930 


4 820 


.16 


by 


.85 



'Voluae' (arbitrary scale) 

,16 

.09 
.10 

.08 
.10 
,13 

.09 
.10 

.14 
,11 

.09 
,10 
,70 
.10 
,07 
,08 
,09 
,08 
,10 

.08 

,08 
,16 






,11 


1 


• 05* 


2 


.028 


5 


,016 



gilE OLD VIDISSECTOR : 

The old vidissector can be accessed through the video- 
procaesor much the same way as the new one. Mayer 
differences excise in noise levels: 

GFL Boise ( variance )/signel( average) 
BEff OLD 

.13 

,068 

.056 

There also excist axiumber of interact ions in the wiring 
causing both measured intensity and noise to vary with 
the state of other electrical equipment near by* 

The lens is a Genua Fl -5 Zoom lens ( |5 aun - VLO mtt) 
(which e&eras to have too email a field of vie* for the 
photocathQde)#l , ha zoom and focus servo data can ba 
found in the following table; 

Function Input Output Limits 

Zoom 25 65 2013# * 4-OOQ, 
Focus 26 &** 850. - 4QO0* 

Because of the noisyness of the tfonitur-di splay it 
was not possible to set up experiments to measure 
the parameters found for the new vidissector. 

The lens is connected to a 1*6 times ex^ pander wnich 
changes is field of view to ttie required 2& nun, its 
f -number to e!*GiJ (nominally) and its focal length to 
If- mm - {1 1 dlieu 
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